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An experimental investigation of a 19-percent-
scale model of the X-31 configuration was completed
in the Langley 14- by 22-Foot Subsonic 25nmel. This
investigation was performed to determine the static
low-speed aerodynamic characteristics of the basic
configuration over a large range of angle of attack and
sideslip and to study the effects of strakes, leading-
edge extensions (wing-body strakes), nose booms,
speed-brake deployment, and inlet configurations.
The ultimate purpose of this study was to opti-
mize tile configuration for high-angle-of-attack and
maneuvering-flight conditions. The model was tested
at angles of attack from -5 ° to 67 ° and at sideslip
angles from -16 ° to 16 ° for speeds up to 190 knots
(dynamic pressure of 120 psf).
The data from this and other preliminary in-
v,cstigations were used to refine the geometry and
predict the aerodynamic characteristics for the final
full-scale configuration. This was a prelinfinary in-
vestigation to test a wide variety of aerodynamic de-
vices and conditions on an early X-31 configuration.
This early configuration deviated somewhat from the
current configuration, so some of tim data may not be
directly applicable to tile current full-scale X-31 air-
plane. This investigation produced a data base on
the effects of a large nulnber and combination of
strakes, nose booms, leading-edge extensions, and
other devices. Selected results are plotted, and the
complete data base of tabulated force and inolnent
coetficient data is presented in the appendix. Based
on the results from this investigation, the configura-
tion with a low-position nose boom and a midspan
fuselage strake was deemed to be the best. configura-
tion and was therefore tile basis for fllrther testing.
Introduction
Tile next generation of fighter aircraft will be de-
signed with features allowhlg controlled flight at ex-
treme attitudes specifically, at angles of attack that
are well above that of maximum lift (post stall).
The design of such aircraft requires knowledge of
the separated flows that donfinate tile aerodynam-
ics in this high-angle-of-attack region. The current
body of knowledge of such flow fields is somewhat
limited. In addition, much of the available knowl-
edge was derived from aircraft that were primarily
designed for attached flows (lower angles of attack)
and from wind-tunnel tests employing trial-and-error
techniques.
Ill an effort to design an airplane to operate at
high-angle-of-attack flight conditions, the Defense
Advanced Research Projects Agency (DARPA), in
conjunction with the German Ministry of Defense,
has flmded a project to develop an experimental
demonstrator aircraft to investigate tile utility of
high-angle-of-attack operations. The development of
the X-31 ha'-; been undertaken in the United States by
the Navy, Rockwell International, and NASA and by
Messerschmitt-Boelkow-Blohm (MBB) in Germany.
The aerodynamic phenomenon that exists at
these extreme attitudes is strongly influenced by the
forebody geometry. At high angles of attack, the
forebody generates strong vortices that become in-
creasingly influential as the wings and control sur-
faces become separated and less effective. The vor-
tices tilat are produced by tile forebody eventually,
at high enough angles of attack, become asynlmet-
ric or burst in all unfavorable location and possibly
cause a loss of stability and control. The geometry
and surface finish of a forebody can determine where
the flow will separate and where vortices will develop.
A st.rake Call fix the position at which the flow
separates on a forebody and reduces tile previously
mentioned sensitivities. A nose boom, however, may
make tile forebody behave as if it were of a higher
fineness ratio. It may also shed vortices onto the nose
itself and change the formation, subsequent patil,
and burst characteristics of the resultant forebody
vortices. The path, strength, and burst characteris-
tics of these vortices can alter tile flow field of the
entire vehicle and can thereby potentially change the
overall stability characteristics. Because of this be-
havior, the forebody geometry aim the presence and
location of nose booms or flow-altering devices, such
as strakes, are of great concern ill the design of any
aircraft, that operates at high angles of attack, such
as the X-31.
The X-31 was designed with relaxed pitch stabil-
ity to obtain increased inaneuver perfornmnce. In ad-
dition, this configuration is equipped with a thrust-
vectoring system that should control the vehicle
beyond the point where aerodynamic controls alone
would be effective.
A wind-tunnel investigation of tile proposed
X-31 enhanced-maneuverability fighter-aircraft con-
figuration has been completed in tile Langley 14- by
22-Foot Subsonic Tunnel. Tile purpose of the in-
vestigation was to determine the high-angle-of-attack
aerodynamic characteristics of the proposed configu-
ration and tailor the configuration for optimmn ma-
neuver perfornmnce when possible. The model is a
19-percent-scale replica of a previous configuration of
tile x-31, which differed somewhat from the current
configuration. Tile tests were conducted at angles of
attack up to 67 ° and at sideslip angles from -16 ° to
16° forspeedsup to 190knots(dynamicpressureup
to 120psf). hi additionto the studyof the stabil-




dies({}oor splayed50° as an additional speed brake)
were also investigated at these high-angle-of-attack
conditions.
Symbols and Abbreviations
All data have been reduced to standard coeffi-
cient form. Longitudinal data are presented in the
stability-axis system, and the lateral-directional data
are presented in the body-axis system. Computer-
generated symbols, where different froln the usual



















reference span, in. or ft

















side-force coefficient, Side force
qxS
nlean aerodynanfic chord, in.
free-stream dynamic pressure, psf
radius, in.
reference area, ft 2
angle of attack, deg
sideslip angle, deg
canard deflection (positive leading
edge up), (leg





trailing-edge elevon deflection, denoted
left/right (positive trailing edge
down), deg


















Model Description and Test Conditions
The model used in this investigation was a
19-percent-scale model of an early X-31 aircraft COl>
figuration. This configuration differed somewhat
from the. actual flfll-seale X-31 configuration. A
photograph and sketch of the model are presented in
figure 1. The wind-tunnel model dinmnsions are pre-
sented in table I. The model construction included
a steel inner structure that supported a fiberglass
6SB speed-brake deflection (positive
trailing edge outboard), deg
6TV thrust-vectoring paddle deflection
(positive trailing edge outboard), (leg
Abbreviations:
AGL augmented inlet with deflected inlet
lip
ALT alternate-geonmtry nose, without nose
boom
augmented inlet
basic-geometry nose, without nose
boon1
too<tel butt line. in.
boundary-layer diverter
model fllselage station, in.
flow-through inlet
flow-through inlet with defected ilflet
lip





moment reference center (FS = 50.98.
WL = -0.380, BL = 0.0)
nose-boom configurations




body with aluminumwings,canards,and vertical
stabilizer.Themodelwasfabricatedwith provisions




in this investigationwereeitherundcflected(0°) or
splayed50° to act asadditionalspeedbrakes.Tile
engineinlet wasdesignedas a flow-throughduct,
whichwasroutedaroundthebalancecavityandex-
ited aroundthe sting-modelconnection.Theinlet
couldbe pluggedor the inlet flow couldbe aug-
mented(increasedaboveflow-throughconditions)by
usinga smallejectorat thebaseof themodel. Al-
thoughthisejectormethoddid not generatea large
increasein inlet fow, it wasoriginallythoughtto
be sufficiento identifyanysignificantrendsthat
maydevelopwith changesill inlet flowgreaterthan
the flow-throughcondition. However,this method
maynot havebeensufficiento definethesetrends.
The inlet alsoincorporateda deflectablelowerlip
to reducelip-separationlossesat highanglesof at-









lift and pitchcontrolanddifferentiallyfor roll con-
trol; andrudderdeflections.Both the leading-edge
flapsandelevonsweresplit intotwosegmentsandare
referredto as inboardandoutboard. Tile leading-
edgeflapswereusedprimarilyfor keepingtile wing
flow attached(up to higheranglesof attack) and
not for control.Theleading-edgeflapsweredivided
into twosegments,inboardandoutboard,whichwere




The inboardsectionof tile leading-edgeflap could
bedeflectedto 0°, 20 °, and 40°; and the outboard
section could t)e independently deflected to 0°, 16 °,
and 32 °. In general, this type of flap would be sched-
uled with angle of attack to maintain attached flow
on the wing. The defections of the leading-edge flaps
were measured relative to the hinge line (perpendic-
ular), and tile deflections of the trailing-edge devices
were measured relative to the model waterline. The
model also incorporated a remotely controlled canard
and a deflectable rudder surface on the vertical sta-
bilizer. The rudder, when deflected, was tested ex-
clusively at 30 ° . An extended vertical tail (fig. 2((t))
and ventral fins (fig. 2(e)) were also investigated. De-
flections of the canard were measured relative to the
model waterline, and those of the rudder were inca,
sured relative to the hinge line.
Two nose-geometry configurations, referred to a,s
basic and modified, were used during this investiga-
tion. Two noses of the basic configuration were con-
strutted; one had provisions to attach strakes and
nose booms. This approach was taken to distinguish
effects due to the surface condition of the nose, since
it was not possible to have both a smooth finish and
provisions to attach other devices. The alternate ge-
ometry nose was only to be tested with a sInooth
finish and therefore had no provisions for strakes or
boonls.
The model was tested at angles of attack from -5 °
to 67 °. To obtain this overall angle-of-attack range
with the C-strut support systeln (ref. 1), two kmmkle
offsets were used in addition to the straight sting.
These three sting configurations provided three over-
lapping angle-of-attack ranges, which constituted the
overall angle-of-attack range. The model was tested
at sideslip angles from - 16° to 16 °. The tunnel veloc-
ity was varied up to 190 knots, which corresponds to
a free-stream dynanfic pressure of 120 psf and a refit
Reynolds mmfl)er of 2 x 106 per foot.. The data were
corrected for blockage by the classical method (ref. 2)
at low angles of attack ((_ < 30°), by a fiat-plate em-
pirical method at high angles of attack ((t > 50°),
and with a combination of both methods at interme-
diate angles of attack (30 ° < c_ < 50°).
Presentation of Results
Selected con(litions and configurations are pre-
sented in the figures. The tabulated force and mo-
ment coefficient data for tile complete investigation
are presented in the appendix. Tile following list is
a general presentation of the figures:
Figure
Effect of dynamic pressure .......... 3
Effect of canard deflection .......... 4
Effect of leading-edge flap deflection ...... 5
Effect of elevon deflection .......... 6
Effect of leading-edge configuration ...... 7
Effect of nose geometry, nose boom
configuration, and location ......... 8
Effect of strake configuration ......... 9
Effect of inlet configuration
and condition ............. 10
Effect of speed brakes and thrust-








allysetat anoininalpositionh)r each angle-of-attack
range, each range (low, medium, high) is presented
on a separate figure. Best contiguration refers to the
N6/S12 eombiimtion (low-position nose boonl with
the inidspan body strake) and was therefore investi-
gated in more detail.
Discussion of Results
This study was a preliminary investigation of a
wide variety of aerodynamic devices anti conditions
that were used to refine the basic configuration of
the X-31 airplane. As such, most configurations and
conditions were not investigated in detail and are
presented with limited analysis.
Effect of Dynamic Pressure
Dynamic-pressure efl_cts (fig. 3) were investigated
to (leternfine the effect of Reynolds number on the
aerodynamics of the X-31 configuration and thereby
define the approt)riate minimum dynamic pressure
to be used for most of the testing. The static
stru(:tural limit of the model imposed a maximum
(tynanfie pressure of 120 psf: however, because of
the dynamic loading that was possible with any of
the configurations that were slated for testing, it
was d('sirable to conduct most testing at a somewhat
low('r (tynalnic t)ressure.
Effects of dynamic pressure were seen in the longi-
tudinal data (fig. 3(b)) hctween 5 and 20 psf. Above
20 psf, tim effects were much less pronounced. The
lateral-directional data show that dynamic-pressure
effects were present to some extent throughout the
range tested. However, since most of the dynamic-
pressure effects settled out by 60 psf, the remainder
of the testing was generally conducted at tunnel con-
ditions of 60 psf.
The most noticeable effects duc to dynamic
pressure were in the high-angle-of-attack, lateral-
directional characteristics (figs. 3(d) to 3(f)), and
they were most apparent in yawing moment, where
they persisted tip to the maximum dynamic pressure
of 120 psf. The effects seen in yawing moinent are
most likely the result of vortical flows of the fore-
body region at high angles of attack. At these angles
of attack, the forebody has developed a strong vortex
system that may impinge on the empennage and con-
trol surfaces and may induce loads on the forebody
(mostly caused by the asymmetrically attached flow
on the nose caused by the vortices). Because these
vortical flows are not steady, the aerodynamic char-
acteristics may be erratic and may display asymme-
tries at many coIMitions. Since at higher angles of
attack the aerodynainic surfaces are either shielded
or the flow about them is separated, the loads in-
duced by the vortices are the doininant loads on the
vehicle at these conditions. These unsteady vortical
flow fields can be very sensitive to ReynoMs imm-
bet and forebody geoinetry, including nose booms,
so even seemingly small geolnetri(: changes may pro-
duee relatively large effects.
Effect of Canard Deflection
The effects of canard deflection arc presented in
figure 4. In general, the effects of canard deflection
were as expeeted--a positive canard incidence pro-
duced a small increase in lift with a larger increase
in pitching moment up to the point where tim ca-
nard stalls. Since the wing is operating in the down-
wash field of the canard, as the canard is loaded the
wing unloads somewhat. The (lominant effect of in-
creased canard deflection is a forward shift of the
center of pressure, until the canard stalls. There is an
increase in lift with increased canard deflection, an(l
there is an increase in drag that is most noticeable
near maximmn lift. Beeaus(_ of the characteristics
of the canard-wing combination, there are multil)le
trim points (angles of attack) fin" a particular canar(t
deflection angle. Since the canard is always operat-
ing in relatively undisturbe(l flow (i.e., there should
always be control power awdlable), there shoul(t be
sufficient pitch control t.o recover from a stall. This
characteristic of a canard is a definite advantage for
operations at high angles of attack. Removal of the
canard (figs. 4(c) and (d)) also resulted in decreased
lift and pitching moment. The configuration with
the caimrd removed was stable up to Inaximum lift..
Then, as expected, it became neutrally stable be-
cause, with the canard removed, the center of lift
shifts aft relative to the MRC.
Effect of Leading-Edge Flap Deflection
The effects of leading-edge flap deflection are pre-
sented in figure 5. The leading-edge flaps are used
primarily to keep the upper surface of the wing at-
tached to as high an angle of attack as possible (in-
creased camber and deerea_sed turning angle). On
the flight vehicle, the leading-edge flaps woukt be
scheduled with angle of attack to the optimmn de-
flection. The wind-tumml model was lilnit(_d to a
few discrete settings. In general, the leading-edge
flaps produced the desired results within those limi-
tations. At low angles of attack, no noticeable effects
4
dueto leading-edgeflapdeflectionresulted(fig.5(a)).
As theangleof attackapproachesthevalueof max-
imumlift for theundcflectedcase,the benefitof in-
creasedeflectionangleextendsthisangleof attack





of attackbecauseof tile effectiveincreasein camber
to thewing.
The lateral-directionalcharacteristicsdue to
leading-edgedeflection(figs.5(e) to 5(g)) showno




Effect of Elevon Deflection
Theeffectsof elevondeflectionarepresentedin
figure6. Theelevonsareamultipurposecontrolsur-
facethat canbeusedfor roll controlwhendeflected
differentiallyandpitchcontrol when deflected sym-
metrically. When deflected symmetrically for pitch
control, the elevons act like trailing-edge flaps and
change the effective camber of the wing. This change
produces a change in lift (figs. 6(a) and 6(b)). In
the Inid-angle-of-attack range, and presumably in the
high-angle-of-attack range, the symmetric elevons
also alter the pitch stability, as evidenced by the
change in the slope of the pitching-inoment curve.
Since this configuration can use a w_riety of combina-
tions of the caimrd and syinmetric elevon to achieve
trim at a given angle of attack, the stability and con-
trollability can be tailored to optimize the vehicle
perfornlance.
Differential elevon deflections (figs. 6(d) to 6(f))
produced side force, yawing moment, and rolling
moment. These forces and moments were most
noticeable at the lower angle of attack tested (c_ =
30°), because of the asymmetric camber (left to
right) and drag characteristics at sideslip. Symmetric
deflections (figs. 6(g) to 6(i)) for pitch control had no
noticeable lateral-directional coupling. In general,
the effects of elevon deflection were as would be
expected on a delta wing planform.
The model was limited to a few discrete c,levon
settings, both differential and symmetric. Within
these limitations, the elevons appear to be capable of
generating sufficient levels of rolling moment, pitch-
ing moment, and lift.
Effect of Leading-Edge Configuration
The effects of the leading-edge configuration on
aerodynamic characteristics are presented in figure 7.
Four different leading-edge configuration:_ were inves-
tigated. Three were classified as leading-edge exten-
sions, also known as wing-body strakes or LEX's, and
the fourth was a sharp leading edge. Tile sharp lead-
ing edge had the effect of increasing pitching mo-
ment compared to tile basic leading edge at inter-
mediate angles of attack. At low angles of attack,
tile LEX's tended to produce increased pitching mo-
ment without a noticeable increase in lift. At. higher
angles of attack (c_ > 25°), the LEX configurations
(L1 through L3) generated increased lift and pitching
moment. (L1 and L2 increased lift. the most, followed
by L3.) These increases were expected since L1 had
the same planform area as L2, but was cambered,
and the uncambered L2 had a larger planform area
than tile uncambered L3. Leading-edge extensions 1,
2, and 3 also caused a decrease in pitch stability.
All LEX configurations produced sinfilar lateral-
directional characteristics (figs. 7(c) to 7(e)). The
changes in lateral-directional characteristics were
minimal, but were most apparent in yawing moment.
Very limited data on the sharp leading edge were ob-
tained, and no conclusions could be drawn.
Effect of Nose Geometry, Nose-Boom
Configuration, and Location
Tile effects of nose geometry, nose-boonl config-
uration, and location are presented in figure 8. In
general, the effect of nose booms on longitu(tinal
characteristics was slight (fig. 8(a)). The t)oom con-
figurations with attached strakes (N1 with $4 or
$5) produced slightly more lift and pitching moment
at higher angles of attack, as would be expected
when area is added well forward of the MIIC. The
effect of the alternate-geometry nose on longitudi-
nal characteristics (fig. 8(b)) was also subtle; the
alternate-geometry nose produced slightly more lift
than tile basic nose above (_ = 35 ° . Tile effects
of nose booms (fgs. 8((t) and 8(e)) and alternate-
geometry nose (figs. 8(f) to 8(h)) on lateral-
directional characteristics were far more significant.
All boom configurations on or close to the nose apex
created adverse changes in the already erratic nature
of yawing moment at higher angles of attack. These
changes are indicative of potentially undesirable dy-
nanfic behavior. Other lateral-directional character-
istics changed minimally. This undesirable behavior
results because the vortical flow fieht emanates from
the boom and then interacts with the flow field oil








Effect of Strake Configuration
The effects of strake configuration are presented
ill figure 9. The nose strakes (S4 and S6) generated
slightly more lift and pitching nloment (fig. 9(b))
than tim basic configuration in the angle-of-attack
region at and beyond maximum lift; however, their
main effects were observed in tile lateral-directional
characteristics (figs. 9(d) to 9(f)) at higher angles of
attack, since their major effect was to fix the location
of separation on the nose and to contribute relatively
little area. Inlet and fuselage strakes generated
additional lift and pitching moment and significantly
increased maximum lift and the angle of attack for
maximum lift in many cases. Tile forward-fuselage-
mounted strakes (S1, S10, S12, and S14) caused a
r(_duction in pitch stability, and the rear-mounted
strakes ($2 and $3) caused an increase in pitch
stability at higher angles of attack. This effect is
expected when area is added in front of or behin(l
the MRC.
In general, nose strakes ($4, $6) caused small in-
creases in directional stability at a = 30 ° (fig. 9((t)),
somewhat larger increases in directional stability (ac-
tually a reduction of the instability in directional
stability) at (, = 40 ° (fig. 9(el), and a reduc-
tion in yawing moment of about 0.04 at c_ = 50 °
and -12 ° < 3 < 0 ° (fig. 9(f)). There were rela-
tively snmll changes ill rolling moment and side fore("
caused by tile nose strakes at these angles of at-
tack. The fuselage strakes had little effect on side
force and rolling moment; however, they produced
varied results on yawing moment. Most of the ef-
fects on yawing-moment behavior were beneficial-
the strakes increased stability and reduced asym-
metries. Since it also generated a significant lift
increase, tile S12 fuselage strake was the most ben-
eficial. Therefore, it became part of the best
configuration.
Effect of Inlet Configuration and
Condition
The effects of inlet configuration and condition
are presented in figure 10. For most of this investiga-
tion, a ttow-through inlet configuration was used and
tile exhaust flow exited around the sting at the aft
end of the model. The model, however, had a low-
pressure ejector at its aft end through which the inlet
flow exited. This ejector was used to draw more in-
let flow (augment) than that of the flow-through case.
This augmented inlet flow was not nearly what would
have been needed to scale tile mass flow of the inlet,
although it was hoped that it would be sufficient to
identify ally trends caused by increasing mass flow.
No significant trends could be identified because of
this increase in mass flow. Tile model was also tested
with a blocked or plugged inlet to assess any potential
aerodynamic differences from the flow-through case.
In addition, the inlet had a deflectable lower lip to
reduce turning losses and lip separation at higher an-
gles of attack. There were no significant changes ill
longitudinal aerodynamic characteristics between the
flow-through, plugged, and augmented inlet configu-
rations (figs. 10(a) and 10(b)). In addition, there
were no noticeable differences in longitudiiml char-
actcristics when a boundary-layer-diverter side plate
was added or when the inlet lip was deflected 20°;
of course, these devices are designed to increase tile
performance of the inlet and not tile external aero-
dynamics. The only noticeable longitudinal effect
was that the phlgged inlet displayed slightly lower
lift and pitching moments in tile post-stall angle-of-
attack range than the unplugged eases. Because the
augmented inlet was well below the pressure ratio or
mass flow needed to properly scale the actual inlet
conditions, since the effect on the longitu(tinal aero-
dynamics was very small, no conclusions could t)e
drawn from this result.
There were some noticeable effects on tile lateral-
directional aerodynamics as a result of the inlet con-
figuration and condition (figs. 10(c) to 10(el), but
most of these effects were small, and no specific
trends were identified. The augmented inlet also
displayed some deviations ill rolling and yawing mo-
ments at an angle of attack of 30 °, but again these
were inconclusive.
Effect of Speed Brakes and
Thrust-Vectoring Paddles
The effects of speed brakes and thrust-vectoring
paddles are presented in figure 11. As mentioned
previously, the thrust-vectoring paddles were only
symmetrically deflected outboard (@V = 50°) for
use as an additional speed-brake device, hi addition
to the expected increase in drag, deploying the speed
brakes alone to 50 ° caused a reduction in lift and
a slight increase ill pitching molnent. Deploying
tile thrust-vectoring paddles alone without the speed
brakes resulted in a slight increase of maximum lift
and a reduction in pitching moment; however, they
generated nearly the salne amount of drag. In the
low-angle-of-attack range there is additional drag
beinggeneratedby deployingtile thrust-vectoring
paddiesandthespeedbrakes.Deployingthepaddles
and the speedbrakesabovemaxinmmlift caused
a decreasein pitchingmomentbut no discernible
increasein drag. Sincethe aft-endfairingsarenot
presenton the currentconfiguration,the levelsof
dragbeinggeneratedarein question.
The speedbrakesand thrust-vectoringpaddles
had some minor degradingeffectson lateral-
directionalcharacteristics(figs.ll(c) to ll(e)). At
anangleofattackof 30°, deployingthespeedbrakes
causedreductionsill the dihedraleffectamt direc-
tional stability,whichwereworsenedby the addi-
tional deploymentof the thrust-vectoringpaddles.
Theseeffectswerereducedat an angleof attack
of 40°. Therewerechangesin yawingmomentat.
an angleof attackof 50° dueto the deflectionof
thespeedbrakes,but theseeffectsdid notappearto
bedetrimental;therewerenosignificantadditional
effectsfrom the deflectionof the thrust-vectoring
paddles.
Effect of Rudder Deflection, Large Vertical
Tail, and Ventral Fins
The effects of rudder deflection, large vertical tail,
and ventral fins are presented in figure 12. Only one
rudder deflection (30 °) was tested in addition to the
undefleeted case. At an angle of attack of 30 °, the
rudder generated significant levels of yawing moment
and associated side force and rolling moment as
expected. The level of yawing moment was reduced
at. an angle of attack of 40 ° and flirther reduced
at 50 ° , as expected. The vertical extension and
ventral fill each increased directional stability; the
ventral fin became relatively more powerful at higher
angles of attack, as expected, since the tail became
increasingly shielded.
Configuration With N6 Boom, and
S12 Strake
Results fi'om the final or best configuration are
presented ill figure 13. This configuration, with the
N6 boom (mounted below the nose) and tile S12
strake (midspan fuselage strake), had the best overall
characteristics. The longitudinal results (figs. 13(a)
to 13(c)) indicate that tile configuration has a max-
imum trimmed lift coefficient of approxilnately 1.15
and appears to be trimmable throughout the angle-
of-attack range tested (based on the discrete canard
settings). Further, it appears that a canard deflection
of approximately -40 ° would be sufficient to provide
mininlum triln capability.
The lateral-directional results (figs. 13(d)
to 13(h)) indicate that, in general, the configuration
is well behaved up to an angle of attack of 60 ° with
_c = -20°. There was a reversal in directional sta-
bility t)etwcen angles of attack of 30 ° and 40 ° and at
high sideslip angles (/_ > 4°). The directional sta-
bility characteristics were less well behaved above an
angle of attack of 40 ° ill that they were nonlinear
but not erratic. There was a reduction ill the dihe-
dral effect up to an angle of attack of 50 ° and no
further reduction up to 65 °. Although the addition
of the reflleling boom reduced directional stability,
it had no severe detrinmntal impact on the lateral-
directional characteristics up through these high an-
gles of attack.
Summary of Results
An investigation of the low-speed static longitudi-
nal and lateral-directional aerodynamic characteris-
tics of an early version of the X-31 configuration has
been comt)leted. The results fr(mL this investigation
were used to define the configuration in further lie-
tail. The following results smnmarize the findings of
this investigation:
1. The configuration with the boom mounted
below the nose (N6) and with a midspan fllse-
lage strake (S12) halt the best overall aerodylmmic
clmracteristies.
2. The configuration displayed adequate h,vels
of stal)ility and control authority throughout the
range of conditions tested. At higher angles of
attack, yawing moment was erratic in many instances
because of the separated (vortical) flow field of the
tbrebody.
3. The position of tile nose boom and presence of
forebody strakes had a significant iml)act on lateral-
directional aerodynamic characteristics at high an-
gles of attack. This impact is a result of the
(tominanee of the forebody flow field under these
conditions.
4. Reynolds mnnber effects were significant at
high angles of attack. These effects werq most no-
ticeable on the lateral-directional behavior.
5. The addition of a reflleling boom on the final
configuration had no significant effect on lateral-
directional characteristics.
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Table 1. Model Dhnensions
Length (basic configuration), ft .................... 8.23
Wing span, ft ............................ 4.338
Wing aspect ratio .......................... 2.30
Mean aerodynamic timid, ft ...................... 2.263
Wing reference area, ft 2 ........................ 8.167
Wing thickness ratio, percent ..................... 5.5
Wing leading-edge sweep (inboard), d(g ................. 56.6
Wing leading-edge sweep (outboard), deg ................ 45.0
Wing trailing-edge sweep, deg .................... -5.858
Canard a_pect ratio ......................... 3.18
Canard reference area, ft 2 ....................... 8.962
Canard thickness ratio, percent .................... 5.0
Canard kading-edge sweep, deg .................... 45.0
Canard trailing-edge sweep, deg .................... 6.057
Tail aspect ratio ........................... 1.23
Tail reference area, ft 2 ........................ 1.357
Tail thickness ratio, peIcent ...................... 5.0
Tail leading-edge sweep, deg ...................... 50
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5. 10. 15. 20. 25. 30. 35. -'411 0 .I .2 .3 .4 .5 .6 .7 .8
a,deg C D
(a) Low-angle-of-attack range bc = -20°; ¢_/,LE = 0°/0°'
Figure 3. Effect of dynamic pressure on aerodynamic characteristics. _f,TE = 0°/0°; _/i' _ 0°; 6T$ .... 0°;
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-5. 0 5. I0. 15. 20. 25. 30. 35. -'4.1 0 .i .2 .3 .4
a,deg CD
.5 .6 .7 .8
(a) Low-angle-of-attack range; _ = 0 ° _f, LE = OC/0°-
Figure 4. Effect of canard deflection angle on aerodynamic characteristics, q_c = 60 psf; bf,TE' = 0°/0°;
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.5 .6 .7 .8
(a) Low-angle-of-attack range; hc = -20°; 3 = 0 °.
Figure 5. Effect of leading-edge flap deflection on aerodynamic characteristics, q_ = 60 psf; [)f.TE = 0°/0°;







































(b) Medium-angle-of-attack range; i_ = O0 _ 6_' = -40 °.
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-5. 0 5. 10. 15. 30. 35. 0 .i .2 .3
a,deg C D
.4 .5 .6 .7 .8
(a) Low-angle-of-attack range; _ = 0°; 6_, = -20 °.
Figm'c 6. Effect of citron deflection oll aerodynamic characteristics, q_c -- 60 psf; hf, LE ---- 40°/32°; b R -- ()o;
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I0. 15. 20. 25. 30. 35. 0 .i .2 .3
a,deg C D
.4 .5 .6 .7 .8
(a) Low-angle-of-attack range; 2 = 0°; _f, Llq = 20°/16°; bTt" = 0 °.
Figure 7. Effect of leading-edge configuration on aerodynamic characteristics, q_c = 60 psf; ,_(. = -20°:
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CD
(b) Medium-angle-of-attack range; ,(;t = 0°; fif,LE = 400/320 hTt .... 0°"
Figure 7. Continued.
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(c) _ = 30 ° _Sf, LE = 40o/32 °.
Figure 7. Continued.
Run LE _ TV' deg
© 461 --- 0
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"0-818.-16.-14.-12.-10.-8.-6.-4.-2. 0 2. 4. 6. 8. 10. 12. 14. 16. 18.
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(d) o = 40°; _f, LE = 40°/32°.
Figure 7. Continued.
Run LE _Tv'deg
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-. }_8/8._ 16._ 14._ 12._ 10"
-8.-6.-4.-2. 0 2. 4. 6. 8. 10. 12. 14. 16. 18.
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(e) a : 50°; [_/,LE : 400/32 °.
Figure 7. Concluded.
Run LE _ TV' deg
© 483 --- o


















































35. 40. 45. 50. 55. 60. "5.2 0 .2 .4 .6
a,deg C D
"_5. 20. 25. 30. .8 1.0 1.2 1.4 1.6
(a) Medium-angle-of-attack range; fl = 0°; 6f, LE = 40°/32 °.
Figure 8. Effect of nose geometry and nose boom configuration on aerodynamic characteristics, q_c = 60 psf;
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•%. 20. 25. 30. 35. 4o. 45. 50. 55. 60.
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(c) Mediunl-angle-of-attack range _ = 0°; 6f, LE = 40°/32 °.
Figure 8. Continued.
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(a) Low-angle-of-attack range _'_= 0 °.
Figure 9. Effect of strake configuration oil aerodynamic characteristics, q_ = 60 psf; be = -20°;
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(c) Mc(]ilun-angh,-of-attack range; Lt = 0 °.
1.0 1.2











-.4( B.-16.-14.-12.-10. -8. -6. -4. -2. 0 2.
_,deg
L





















-')818.-16.-14.-12.-I0.-8.-6.-4.-2. 0 2. 4. 6. 8. 10. 12. 14. 16. 18.
fl,deg





































"0-81B.-16.-14.-12.-i0.-8.-6.-4.-2. 0 2. 4. 6. 8. 10. 12. 14. 16. 18.
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.4 .5 .6 .7 .8
(a) Low-angle-of-attack range; ,x:_= 0 °.
Figure 10. Effect of inlet configuration and condition oil aerodynamic characteristics, qoc = 60 psf; _c = -20°;
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Run _SB' deg _TV' deg
0 174 0 0
[] 176 50 0
180 0 50
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(a) Low-angle-of-attack range 13 = 0°; _Sf,LE ----0°/0 °.
Figure 11. Effect of speed brake and thrust-vectoring-paddle deflection on aerodynamic characteristics.
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(b) Medium-angle-of-attack range t!3 = 0°; 6f,LE = 40°/32 °.
Figure 11. Continued.






































--.0_ L8.-16.-14.-12.-10.-8. -6. -4. -2. 0 2. 4. 6. 8. 10. 12. 14. 16. 18.
#,deg











Run _SB' deg _TV' deg
© 36s o o

























-'0-818.-16.-14.-12.-I0.-8.-6.-4.-2. 0 2, 4. 6. 8. I0. 12. 14. 16. 18.
_,deg
(d) (_-- 40°; 5f,LE ---- 400/32o.
Figure 11. Contimmd.
75
Run _sB, deg _TV ,deg
0 366 o o
[] 468 50 0
































-'0-8_ 8.- 16.- 14.- 12.- 10.
-8. -6. -4. -2. 0
fl,deg
2. 4. 6. 8. 10. 12. 14. 16. 18.
















0 + Vertical extension




-'-4_8.-16.-14.-12.-10. -8. -6. -4. -2. 0
fl,deg
"_










-'0-_18. - 16.- 14.- 12.- 10.
)














3.-16.-14.-12.-10.-8.-6.-4.-2. 0 2. 4. 6. 8. 10. 12. 14. 16. 18.
fl.deg
(a) (_ = 30 °.
Figure 12. Effect of enlarged vertical tail, ventral fins, and rudder deflection on aerodynamic characteristics.














247 0 + Vertical extension
/_ 251 0 + Vertical extension and ventral fins
-.20
-.30




















-.08 8.-16.-14.-12.-10.-8. -6. -4. -2. 0
/_,deg
_J
2. 4. 6. 8. 10. 12. 14. 16. 18.

























.o2 _'=__ _. _ _"_













| I I i I
"06t 8.- 16.- 14.- 12.-10.














__ )"._k __,.-_,_;_R:_lc_ Run _c' dego
_ /_ 695 -10










(a) Low-angle-of-attack range; i3 = 0°; bf, LE = 0°/0 °.
Figure 13. Combined effect of N6 boom and S12 strake configuration on aerodynanfic characteristics.
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(b) Medium-angle-of-attack range; _ = 0°; _f, LE : 400/32 °.
Figure 13. Continucd.
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Test Conditions and Acquired Data
This investigation covered a wide range of configurations and conditions. This appendix contains a complete
list of the acquired data, except those data points that were found to be in error. A detailed list of the nominal
test configurations and conditions are presented in table A1. A complete set of tabulated data is presented in
table A2.
The angle-of-attack schedules (A1 A8), sideslip schedule (B1), and canard deflection schedules (C1 C2)












-5 °, 0 °,
-5 °, 0 °,
-5 °, 0 °,
17 °, 20 °,
17 °, 20 °,
17°, 20 ° ,
28 °, 30 °,
5 ° , 10°, 15 ° , 20 ° , 21 °, 22 °, 23 °, 24 °, 25 °, 26 ° , 27 ° , 28 ° , 29 °, 30 °
5°, 10 °, 15°, 20 °, 21 °, 22 ° , 23 °, 24 °, 25 °, 26 °, 27 ° , 28 °, 29 ° , 30°,31 °, 32 °
5 ° , 10 °, 15° , 20 °, 21 ° , 22 °, 23 ° , 24 ° , 25 °, 30 ° , 32 °
25 °, 26 °, 27 °, 28 ° , 29 °, 30 °, 31 °, 32 °, 33 °, 34 °, 35 °, 40 ° , 45 ° , 50 °, 55 °
25 °, 30 ° , 35 ° , 40 ° , 45 °, 50 °, 55 ° , 57 °
25 ° , 30 ° , 32 °, 35 °, 40 ° , 45 °, 50 ° , 55 °, 57 °
32 ° , 34 ° , 35 °, 37 ° , 40 °, 45 ° , 50 ° , 55 ° , 60 °, 65 ° , 67 °
45 °, 50 °, 55 ° , 60 ° , 65 °, 67 °
_16 ° ' _12 °, -8 ° ' -4 °, 0 °, 4 °, 8 °, 12 ° , 16 °
20 °, 10°, 0 °, -10 °, -20 ° ' -30 °, -40 ° , -50 ° , -60 °




Table AI. Configurations and Conditions
_, q_, _c, Nose Inlet _f, LE, _f, TE, Strake



















































A1 0 20 -20
A1 0 30 -20
A1 0 40 -20
A1 0 50 -20
A1 0 60 -20
A1 0 60 -40
A1 0 60 -60
A2 0 60 -20
A3 5 60 -20
A3 5 60 -60
A3 5 60 -60
A2 0 60 0
A2 0 60 20
A2 0 80 -20
A2 0 I00 -20
A2 0 120 -20
A2 0 60 -20
A3 5 60 -20
A3 i0 60 -20
A2 0 60 -20
A3 5 60 -20
A3 i0 60 -20
20 B1 60 -20
A2 0 60 -20
A3 5 60 -20
A3 I0 60 -20
I0 B1 60 -20
20 B1 60 -20
30 B1 60 -20
20 5 60 Cl
A2 0 60 -20
A3 5 60 -20
A2 0 60 -20
A3 5 60 -20
A2 0 60 -20
A3 5 60 -20
A2 0 60 -20
A3 5 60 -20
A2 0 60 -20
A3 5 60 -20
A2 0 60 -20
A3 5 60 -20
A2 0 60 -20
A3 5 60 -20
0 B1 60 -20
0 B1 60 -20
i0 B1 60 -20
i0 B1 60 -20
BAS FT 0/0 0/0
BAS FT 0/0 0/0
BAS FT 0/0 0/0
BAS FT 0/0 0/0
BAS FT 0/0 0/0
BAS FT 0/0 0/0
BAS FT 0/0 0/0 ---
BAS FT 0/0 0/0 ---
BAS FT 0/0 0/0 ---
BAS FT 0/0 0/0
BAS FT 0/0 0/0
BAS FT 0/0 0/0
BAS FT 0/0 0/0
BAS FT 0/0 0/0
BAS FT 0/0 0/0
BAS FT 0/0 0/0
BAS FT 20/16 0/0
BAS FT 20/16 0/0
BAS FT 20/16 0/0
BAS FT 20/16 0/0 L1
BAS FT 20/16 0/0 L1
BAS FT 20/16 0/0 L1
BAS FT 20/16 0/0 L1
BAS FT 20/16 0/0 L2
BAS FT 20/16 0/0 L2
BAS FT 20/16 0/0 L2
BAS FT 20/16 0/0 L2
BAS FT 20/16 0/0 L2
BAS FT 20/16 0/0 L2
BAS FT 20/16 0/0 L2
BAS FT 20/16 0/0 L3
BAS FT 20/16 0/0 L3
BAS FT 40/32 0/0 ---
BAS FT 40/32 0/0
BAS FT 40/32 0/0 L4
BAS FT 40/32 0/0 L4
BAS PLG 40/32 0/0
BAS PLG 40/32 0/0
BAS BLD 40/32 0/0
BAS BLD 40/32 0/0
BAS FT 40/32 0/0 Sl
BAS FT 40/32 0/0 S1
BAS AUG 40/32 0/0 Sl
BAS AUG 40/32 0/0 Sl
BAS FT 40/32 0/0 Sl
BAS AUG 40/32 0/0 Sl
BAS AUG 40/32 0/0 Sl



















































_, _, q_, _c,
deg deg psf deg
Table AI. Continued
Nose Inlet _f, LE, 5f, TE,
deg deg
Strake 5 R, 8TV,
and LEX deg deg
8SB.
deg
154 A3 5 60 -20 BAS AUG
155 30 B1 60 -20 BAS AUG
156 30 B1 60 -20 BAS FT
157 20 B1 60 -20 BAS FT
158 20 Bi 60 -20 BAS AUG
159 A2 0 60 -20 BAS FT
160 A3 5 60 -20 BAS FT
161 A3 I0 60 -20 BAS FT
162 0 B1 60 -20 BAS FT
163 i0 B1 60 -20 BAS FT
164 20 B1 60 -20 BAS FT
165 30 B1 60 -20 BAS FT
166 A2 0 60 -20 BAS FT
167 A3 5 60 -20 BAS FT
168 A2 0 60 -20 BAS FT
169 A3 5 60 -20 BAS FT
170 A2 0 60 20 BAS FT
171 A3 5 60 -20 BAS FT
172 A2 0 60 -20 BAS FT
173 A3 5 60 -20 BAS FT
174 A2 0 60 -20 BAS FT
175 A3 5 60 -20 BAS FT
176 A2 0 60 -20 BAS FT
177 A3 5 60 -20 BAS FT
178 A2 0 60 20 BAS FT
179 A3 5 60 -20 BAS FT
180 A2 0 60 -20 BAS FT
181 A3 5 60 -20 BAS FT
182 A2 0 60 -20 BAS FT
183 A3 5 60 -20 BAS FT
184 0 B1 60 -20 BAS FT
185 i0 B1 60 -20 BAS FT
186 20 B1 60 -20 BAS FT
187 30 B1 60 -20 BAS FT
188 25 B1 60 -20 BAS FT
189 A2 0 60 -20 N1 FT
190 A3 5 60 -20 N1 FT
191 A2 0 60 -20 N1 FT
192 A3 5 60 -20 N1 FT
193 0 B1 60 -20 N1 FT
194 I0 B1 60 -20 N1 FT
195 20 B1 60 -20 N1 FT
196 30 B1 60 -20 N1 FT
197 30 B1 60 -20 N1 FT
198 A2 0 60 -20 N1 FT
199 A3 5 60 -20 N1 FT





































































































































































deg deg psf deg
Table AI. Continued






200 A2 0 60 -20 BAS
201 A3 5 60 -20 BAS
202 A3 -5 60 -20 BAS
203 A2 0 60 -20 BAS
204 A2 0 60 -20 BAS
205 A2 0 60 -20 BAS
206 A3 5 60 -20 BAS
207 A3 -5 60 -20 BAS
211 A4 0 5 -20 BAS
212 A4 0 i0 -20 BAS
213 A4 0 20 -20 BAS
214 A4 0 30 -20 BAS
215 A4 0 40 -20 BAS
216 A4 0 50 -20 BAS
217 A4 0 60 -20 BAS
218 A4 0 80 -20 BAS
219 A4 0 I00 -20 BAS
220 A4 0 120 -20 BAS
221 A4 0 60 -20 BAS
222 A4 0 120 -20 BAS
223 A4 0 5 -20 BAS
224 A5 5 5 -20 BAS
225 A5 5 i0 -20 BAS
226 A6 0 i0 -20 BAS
227 A5 5 60 -20 BAS
228 20 B1 60 -20 BAS
229 30 B1 60 -20 BAS
230 40 B1 60 -20 BAS
231 50 B1 60 -20 BAS
232 35 B1 60 -20 BAS
233 A6 0 60 -40 BAS
234 A5 5 60 -40 BAS
235 30 B1 60 -40 BAS
236 35 B1 60 -40 BAS
237 40 B1 60 -40 BAS
238 50 B1 60 -40 BAS
239 A6 0 60 -60 BAS
240 30 B1 60 -60 BAS
241 40 B1 60 -60 BAS
242 50 B1 60 -60 BAS
243 A6 0 60 0 BAS
244 A6 0 60 19 BAS
245 A6 5 60 -20 BAS
246 30 B1 60 -20 BAS
247 40 B1 60 -20 BAS
248 50 B1 60 -20 BAS
249 A6 5 60 -20 BAS
250 30 B1 60 -20 BAS
251 40 B1 60 -20 BAS
252 50 B1 60 -20 BAS
253 50 B1 60 -20 BAS
254 A6 0 60 -20 BAS
a Ventral fin.









































































































































































































































































_c, Nose Inlet _f, LE, _f,TE,
deg deg deg
Strake _R, _TV, _SB,
and LEX deg deg deg
255 A6 0 60 -60 BAS FT
256 32 B1 60 -60 BAS FT
257 A6 0 60 -60 BAS FT
258 A6 0 60 -20 BAS FT
259 A6 0 60 -20 BAS FT
260 30 B1 60 -20 BAS FT
261 40 B1 60 -20 BAS FT
262 50 B1 60 -20 BAS FT
263 32 B1 60 -20 BAS FT
264 34 B1 60 -20 BAS FT
265 36 B1 60 -20 BAS FT
266 38 B1 60 -20 BAS FT
267 A6 0 60 -40 BAS FT
268 A6 0 60 -60 BAS FT
269 A6 0 60 -60 BAS FT
270 A6 0 60 -20 BAS FT
271 30 B1 60 -20 BAS FT
272 40 B1 60 -20 BAS FT
273 50 B1 60 -20 BAS FT
274 A6 0 60 -20 BAS FT
275 30 B1 60 -20 BAS FT
276 40 B1 60 -20 BAS FT
277 50 B1 60 -20 BAS FT
278 A6 5 60 -20 BAS FT
279 A6 0 60 -20 BAS FT
280 30 B1 60 -20 BAS FT
281 40 B1 60 -20 BAS FT
282 50 B1 60 -20 BAS FT
283 A6 0 60 -20 BAS FT
284 A6 0 60 -20 BAS FT
285 30 B1 60 -20 BAS FT
286 40 B1 60 -20 BAS FT
287 50 B1 60 -20 BAS FT
288 55 B1 60 -20 BAS FT
289 50 B1 i00 -20 BAS FT
290 A6 0 60 -20 N1 FT
291 A5 5 60 -20 N1 FT
292 20 B1 60 -20 N1 FT
293 30 B1 60 -20 N1 FT
294 40 B1 60 -20 N1 FT
295 50 B1 60 -20 N1 FT
296 30 B1 60 -20 N1 FT
297 55 B1 60 -20 N1 FT
298 35 B1 60 -20 N1 FT
299 A6 0 60 -20 BAS FT
300 A6 0 60 -20 BAS AUG
301 A6 0 60 19 BAS AUG
302 55 B1 60 -20 BAS FT
303 55 B1 60 -20 BAS AUG
304 50 B1 60 -20 BAS AUG






























































































































0 OFF c 0

















































Run _, _, q_, _c, Nose Inlet _f, LE, _f,TE, Strake _R, _TV, _SB,
deg deg psf deg deg deg and LEX deg deg deg
305 40 BI 60 -20 BAS AUG 40/32
306 35 B1 60 -20 BAS AUG 40
307 30 B1 60 -20 BAS AUG 40
308 20 B1 60 -20 BAS AUG 40
309 A5 5 60 -20 BAS AUG 40
310 A6 0 60 -20 BAS PLG 40
311 A5 5 60 -20 BAS PLG 40
312 55 B1 60 -20 BAS PLG 40
313 50 B1 60 -20 BAS PLG 40
314 40 B1 60 -20 BAS PLG 40
315 35 B1 60 -20 BAS PLG 40
316 30 B1 60 -20 BAS PLG 40
317 20 B1 60 -20 BAS PLG 40
318 A6 0 60 -20 BAS FTL 40
319 30 B1 60 -20 BAS FTL 40
320 40 B1 60 -20 BAS FTL 40
321 50 B1 60 -20 BAS FTL 40
322 A6 0 60 -20 BAS AGL 40
323 30 B1 60 -20 BAS AGL 40
324 40 B1 60 -20 BAS AGL 40
325 50 B1 60 -20 BAS AGL 40
326 A6 0 60 -20 BAS FT
327 A6 0 60 -60 BAS FT
328 A6 0 60 -20 BAS FT
329 A6 0 60 -60 BAS FT
330 A6 0 60 -20 BAS FT
331 A6 0 60 -20 BAS FT
332 A6 0 60 -60 BAS FT
333 A6 0 60 -20 BAS FT
334 A6 0 60 -60 BAS FT
335 A6 0 60 -20 BAS FT
336 A6 0 60 -60 BAS FT
337 A6 0 60 -40 BAS FT
338 20 B1 60 -20 BAS FT
339 30 B1 60 -20 BAS FT
340 40 B1 60 -20 BAS FT
341 50 B1 60 -20 BAS FT
342 A6 0 60 -20 BAS FT
343 20 B1 60 -20 BAS FT
344 30 B1 60 -20 BAS FT
345 40 B1 60 -20 BAS FT










0 60 -20 BAS FT
0 60 -20 BAS FT
0 60 -60 BAS FT
0 60 -20 BAS FT
0 60 -60 BAS FT
0 60 -20 BAS FT
0 60 -60 BAS FT
0 60 C2 BAS FT



















































0/0 0 0 0
0/0 0 0 0
0/0 0 0 0
0/0 0 0 0
0/0 0 0 0
0/0 0 0 0
0/0 0 0 0
0/0 0 0 0
0/0 0 0 0
0/0 0 0 0
0/0 0 0 0
0/0 0 0 0
0/0 0 0 0
0/0 0 0 0
0/0 0 0 0
0/0 0 0 0
0/0 0 0 0
0/0 0 0 0
0/0 0 0 0
0/0 0 0 0
0/0 0 0 0
0/0 S1 0 0 0
0/0 Sl 0 0 0
0/0 S2 0 0 0
0/0 $2 0 0 0
0/0 S7 0 0 0
0/0 S8 0 0 0
0/0 $8 0 0 0
0/0 S9 0 0 0
0/0 S9 0 0 0
0/0 SI0 0 0 0
0/0 SI0 0 0 0
0/0 SI0 0 0 0
0/0 SI0 0 0 0
0/0 SI0 0 0 0
0/0 SI0 0 0 0
0/0 SI0 0 0 0
0/0 $7/SI0 0 0 0
0/0 S7/SI0 0 0 0
0/0 $7/SI0 0 0 0
0/0 $7/SI0 0 0 0
0/0 $7/SI0 0 0 0
0/0 SI0/SII 0 0 0
0/0 SII 0 0 0
0/0 Sll 0 0 0
0/0 SlI/SI2 0 0 0
0/0 SII/S12 0 0 0
0/0 SI2 0 0 0
0/0 SI2 0 0 0
0/0 S12 0 0 0





_c, Nose Inlet _f_LE_ _f_TE,
deg deg deg
Strake _R, _TV, _SB,
and LEX deg deg deg
356 20 B1 60
357 30 B1 60
358 40 B1 60
359 50 B1 60
360 55 B1 60
361 A6 5 60
362 A6 0 60
363 A6 5 60
364 30 B1 60
365 40 B1 60
366 50 B1 60
367 55 B1 60
368 40 B1 60
369 50 B! 60
370 40 B1 60
371 50 B1 60
372 30 B1 60
373 30 B1 60
374 40 B1 60
375 50 B1 60
376 30 B1 60
377 40 B1 60
378 50 B1 60
379 30 B1 60
380 40 B1 60
381 30 Bi 60
382 40 B1 60
383 A6 0 60
384 30 B1 60
385 40 B1 60
386 50 B1 60
387 A6 0 60
388 30 B1 60
389 40 B1 60
390 50 B1 60
391 A6 0 60
392 A5 5 60
393 30 B1 60
394 A6 0 60
395 A5 5 60
396 A5 -5 60
397 30 B1 60
398 40 B1 60
399 50 B1 60
400 A6 0 60
401 A6 0 60
402 A6 0 60
403 40 B1 60
404 50 B1 60
405 A6 0 60
406 A6 0 60
OFF BAS FT 40/32
OFF BAS FT 40/32
OFF BAS FT 40/32
OFF BAS FT 40/32
OFF BAS FT 40/32
OFF BAS FT 40/32
-20 BAS FT 40/32
-20 BAS FT 40/32
-20 BAS FT 40/32
-20 BAS FT 40/32
-20 BAS FT 40/32
-20 BAS FT 40/32
-20 BAS d FT 40/32
-20 BAS d FT 40/32
-20 BAS FT 40/32
-20 BAS FT 40/32
-20 BAS FT 40/32
-20 N2 FT 40/32
-20 N2 FT 40/32
-20 N2 FT 40/32
-20 N3 FT 40/32
-20 N3 FT 40/32
-20 N3 FT 40/32
-20 N1 FT 40/32
-20 N1 FT 40/32
-20 N1 FT 40/32
-20 N1 FT 40/32
-20 N4 FT 40/32
-20 N4 FT 40/32
-20 N4 FT 40/32
-20 N4 FT 40/32
-20 N5 FT 40/32
-20 N5 FT 40/32
-20 N5 FT 40/32
-20 N5 FT 40/32
-20 BAS FT 40/32
-20 BAS FT 40/32
-20 BAS FT 40/32
-20 BAS FT 40/32
-20 BAS FT 40/32
-20 BAS FT 40/32
-20 BAS FT 40/32
-20 BAS FT 40/32
-20 BAS FT 40/32
0 BAS FT 40/32
-40 BAS FT 40/32
-60 BAS FT 40/32
-20 BAS FT 40/32
-20 BAS FT 40/32
+20 BAS FT 40/32










































































































Run _, _, q_, 6 c, Nose Inlet 6f, LE, _f, TE, Strake _R, _TV, 5SB.
deg deg psf deg deg deg and LEX deg deg deg
407 A6 0 60 -60 BAS FT
408 A6 0 60 0 BAS FT
409 A6 0 60 -20 BAS FT
410 30 B1 60 -20 BAS FT
411 40 B1 60 -20 BAS FT
412 50 B1 60 -20 BAS FT
413 A6 0 60 -20 BAS FT
414 A6 0 60 -40 BAS FT
415 A6 0 60 -60 BAS FT
416 A6 0 60 0 BAS FT
417 A6 0 60 +20 BAS FT
418 A6 0 60 0 BAS FT
419 A6 0 60 -40 BAS FT
420 A6 0 60 -50 BAS FT
421 A6 0 60 -60 BAS FT
422 A6 0 60 -20 BAS FT
423 20 B1 60 -20 BAS FT
424 30 B1 60 -20 BAS FT
425 40 B1 60 -20 BAS FT
426 50 B1 60 -20 BAS FT
427 55 B1 60 -20 BAS FT
428 A6 0 60 -20 BAS FT
429 A5 -5 60 -20 BAS FT
430 A5 5 60 -20 BAS FT
431 50 B1 60 -20 BAS FT
432 A6 0 60 -20 BAS FT
433 A5 -5 60 -20 BAS FT
434 A5 5 60 -20 BAS FT
435 20 B1 60 -20 BAS FT
436 30 B1 60 -20 BAS FT
437 40 B1 60 -20 BAS FT
438 50 B1 60 -20 BAS FT
439 55 B1 60 -20 BAS FT
440 A6 0 I0 -20 BAS FT
441 A5 5 i0 -20 BAS FT
442 20 B1 i0 -20 BAS FT
443 30 B1 I0 -20 BAS FT
444 40 B1 I0 -20 BAS FT
445 50 B1 I0 -20 BAS FT
446 55 B1 I0 -20 BAS FT
447 A6 0 60 -20 BAS FT
448 A5 5 60 -20 BAS FT
449 20 B1 60 -20 BAS FT
450 30 B1 60 -20 BAS FT
451 40 B1 60 -20 BAS FT
452 50 B1 60 -20 BAS FT
453 55 B1 60 -20 BAS FT
454 A6 0 60 20 BAS FT
455 A6 0 60 0 BAS FT
456 A6 0 60 -40 BAS FT





















































































































































6c, Nose Inlet 6f, LE, 6f, TE,
deg deg deg
Strake 5R, 8TV, 5SB,
and LEX deg deg deg
458 A6 0 60 -60
459 A6 0 60 -20
460 A6 0 60 -20
461 30 B1 60 -20
462 40 B1 60 -20
463 50 B1 60 -20
464 55 B1 60 -20
465 A6 0 60 -20
466 30 B1 60 -20
467 40 B1 60 -20
468 50 B1 60 -20
469 A6 0 60 -20
470 30 B1 60 -20
471 40 B1 60 -20
472 50 B1 60 -20
473 20 B1 60 -20
474 30 B1 60 -20
475 40 B1 60 -20
476 50 B1 60 -20
477 55 B1 60 -20
478 A6 0 60 -20
479 A6 0 60 -60
480 32 dB2 60 -60
481 32 eB2 60 -60
482 A6 0 60 19
483 A6 0 60 0
484 A6 0 60 -40
485 A6 0 60 -60
486 A6 0 60 -20
487 20 B1 60 -20
488 30 B1 60 -20
489 40 B1 60 -20
490 50 B1 60 -20
491 55 B1 60 -20
492 A6 0 60 20
493 A6 0 60 0
494 A6 0 60 -40
495 A6 0 60 -60
496 A6 0 60 -20
497 20 B1 60 -20
498 30 B1 60 -20
499 40 B1 60 -20
500 50 B1 60 -20
501 55 B1 60 -20
502 A6 0 60 -20
503 20 B1 60 -20
504 30 B1 60 -20
505 40 B1 60 -20
506 50 B1 60 -20
507 55 B1 60 -20
508 20 B1 60 -20
509 30 B1 60 -20
d Sweep - to +.





















































































































































































































_, _, q_, 6c,
deg deg psf deg
Table AI. Continued
Nose Inlet 6f, LE, 6f, TE,
deg deg
Strake 5 R, 8TV, 6SB.
and LEX deg deg deg
510 40 B1 60 -20 BAS FT
511 50 B1 60 -20 BAS FT
512 55 B1 60 -20 BAS FT
513 A6 0 60 OFF BAS FT
514 A6 0 60 -20 BAS FT
515 A6 0 60 -40 BAS FT
516 A6 0 60 0 BAS FT
517 A6 0 60 0 BAS FT
518 A6 0 60 -20 BAS FT
519 A6 0 60 -40 BAS FT
520 A6 0 60 -60 BAS FT
521 A6 0 60 OFF BAS FT
522 20 B1 60 OFF BAS FT
523 30 B1 60 OFF BAS FT
524 40 B1 60 OFF BAS FT
525 50 B1 60 OFF BAS FT
526 55 B1 60 OFF BAS FT
527 A6 0 60 OFF BAS FT
528 20 B1 60 OFF BAS FT
529 30 B1 60 OFF BAS FT
530 40 B1 60 OFF BAS FT
531 50 B1 60 OFF BAS FT
532 55 B1 60 OFF BAS FT
534 A7 0 60 OFF BAS FT
535 30 B1 60 OFF BAS FT
536 40 B1 60 OFF BAS FT
537 50 B1 60 OFF BAS FT
538 55 B1 60 OFF BAS FT
539 65 B1 60 OFF BAS FT
540 60 B1 60 OFF BAS FT
541 A7 0 60 -20 BAS FT
542 30 B1 60 -20 BAS FT
543 40 B1 60 -20 BAS FT
544 50 B1 60 -20 BAS FT
545 55 B1 60 -20 BAS FT
546 60 B1 60 -20 BAS FT
547 65 B1 60 -20 BAS FT
548 A7 0 60 0 BAS FT
549 A7 0 60 -40 BAS FT
550 A7 0 60 -60 BAS FT
551 A7 5 60 -60 BAS FT
552 30 B1 60 -60 BAS FT
553 40 B1 60 -60 BAS FT
554 50 B1 60 -60 BAS FT
555 55 B1 60 -60 BAS FT
556 60 B1 60 -60 BAS FT
557 65 B1 60 -60 BAS FT
558 67 B1 60 -60 BAS FT
























































































































































561 A8 5 80 -60 BAS FT
562 60 B1 80 -60 BAS FT
563 65 B1 80 -60 BAS FT
564 67 B1 80 -60 BAS FT
565 A8 0 I00 -60 BAS FT
566 A8 5 i00 -60 BAS FT
567 60 B1 I00 -60 BAS FT
568 65 B1 i00 -60 BAS FT
569 67 B1 i00 -60 BAS FT
570 A8 0 120 -60 BAS FT
571 A8 5 120 -60 BAS FT
572 60 B1 120 -60 BAS FT
573 65 B1 120 -60 BAS FT
574 67 B1 120 -60 BAS FT
575 A8 0 40 -60 BAS FT
576 A8 5 40 -60 BAS FT
577 60 B1 40 -60 BAS FT
578 65 B1 40 -60 BAS FT
579 67 B1 40 -60 BAS FT
580 A8 0 20 -60 BAS FT
581 A8 5 20 -60 BAS FT
582 60 B1 20 -60 BAS FT
583 65 B1 20 -60 BAS FT
584 67 B1 20 -60 BAS FT
585 A8 0 i0 -60 BAS FT
586 A8 5 i0 -60 BAS FT
587 60 B1 i0 -60 BAS FT
588 65 B1 i0 -60 BAS FT
589 67 B1 i0 -60 BAS FT
590 A8 0 5 -60 BAS FT
591 A8 5 5 -60 BAS FT
592 60 B1 5 -60 BAS FT
593 65 B1 5 -60 BAS FT
594 67 B1 5 -60 BAS FT
595 A7 0 60 20 BAS FT
596 A7 0 60 -20 BAS FT
597 A7 5 60 -20 BAS FT
598 30 B1 60 -20 BAS FT
599 40 B1 60 -20 BAS FT
600 50 B1 60 -20 BAS FT
601 55 B1 60 -20 BAS FT
602 60 B1 60 -20 BAS FT
603 65 B] 60 -20 BAS FT
604 67 B1 60 -20 BAS FT
605 A7 0 60 -40 BAS FT
606 A7 0 60 -60 BAS FT
607 A7 0 60 0 BAS FT
608 A7 0 60 20 BAS FT
609 A7 0 60 -20 BAS FT
610 A7 0 60 0 BAS FT
611 A7 0 60 20 BAS FT































































































































































deg deg psf deg
Table AI. Continued
Nose Inlet _f, LE, _f, TE,
deg deg
Strake _R, _TV, 8SB,




















































60 -60 BAS FT
60 -20 N6 FT
60 -20 N6 FT
60 -20 N6 FT
60 -20 N6 FT
60 -20 N6 FT
60 -20 N6 FT
60 -40 N6 FT
60 -60 N6 FT
60 0 N6 FT
60 i0 N6 FT
60 20 N6 FT
60 -I0 N6 FT
60 20 N6 FT
60 i0 N6 FT
60 0 N6 FT
60 -i0 N6 FT
60 -20 N6 FT
60 -40 N6 FT
60 -60 N6 FT
60 20 N6 FT
60 i0 N6 FT
60 0 N6 FT
60 -i0 N6 FT
60 -20 N6 FT
60 -40 N6 FT
60 -60 N6 FT
60 -20 N6 FT
60 -20 N6 FT
60 -20 N6 FT
60 -20 N6 FT
60 -20 N6 FT
60 -20 N6 FT
60 -20 N6 FT
60 -20 N6 FT
60 -20 N6/N7 FT
60 -20 N6/N7 FT
60 -20 N6/N7 FT
60 -20 N6/N7 FT
60 -20 N6/N7 FT
60 -20 N6/N7 FT
60 -20 N6 FT
60 -20 N6 FT
60 -30 N6 FT
60 -I0 N6 FT
60 -20 N6 FT
60 -20 N6 FT
60 -20 N6 FT
60 -20 N6 FT
60 -20 N6 FT






































































































































































664 40 B1 60
665 50 B1 60
666 60 B1 60
667 65 B1 60
668 A7 0 60
669 A7 0 60
670 A7 0 60
671 A7 0 60
672 A7 0 60
673 A7 0 60
674 A7 0 60
675 30 B1 60
676 40 B1 60
677 50 B1 60
678 60 B1 60
679 65 B1 60
680 35 B1 60
681 A7 0 60
682 30 B1 60
683 40 B1 60
684 50 B1 60
685 60 B1 60
686 65 B1 60
687 A2 0 60
688 0 B1 60
689 I0 B1 60
690 20 B1 60
691 30 B1 60
692 A2 0 60
693 A2 0 60
694 A2 0 60
695 A2 0 60
696 A2 0 60
697 A2 0 60
698 A2 0 60
699 0 B1 60
700 i0 B1 60
701 20 B1 60
702 30 B1 60
703 A2 0 60
704 A3 5 60
705 A3 -5 60
706 0 B1 60
707 I0 B1 60
708 20 B1 60
709 30 B1 60
710 A2 0 60
711 A2 0 60
712 A2 0 60
713 A2 0 60
714 A2 0 60
715 A2 0 60
716 A2 0 60
-20 N6 FT 40/32 -30/+30 SI2
-20 N6 FT 40/32 -30/+30 SI2
-20 N6 FT 40/32 -30/+30 S12
-20 N6 FT 40/32 -30/+30 S12
20 N6 FT 0/0 0/0 SI2
I0 N6 FT 0/0 0/0 SI2
0 N6 FT 0/0 0/0 S12
-i0 N6 FT 0/0 0/0 S12
-20 N6 FT 0/0 0/0 S12
-40 N6 FT 0/0 0/0 S12
-60 N6 FT 0/0 0/0 S12
-20 N6 FT 0/0 0/0 S12
-20 N6 FT 0/0 0/0 SI2
-20 N6 FT 0/0 0/0 SI2
-20 N6 FT 0/0 0/0 S12
-20 N6 FT 0/0 0/0 SI2
-20 N6 FT 0/0 0/0 S12
OFF N6 FT 0/0 0/0 SI2
OFF N6 FT 0/0 0/0 SI2
OFF N6 FT 0/0 0/0 SI2
OFF N6 FT 0/0 0/0 SI2
OFF N6 FT 0/0 0/0 SI2
OFF N6 FT 0/0 0/0 S12
OFF N6 FT 0/0 0/0 S12
OFF N6 FT 0/0 0/0 S12
OFF N6 FT 0/0 0/0 S12
OFF N6 FT 0/0 0/0 S12
OFF N6 FT 0/0 0/0 S12
20 N6 FT 0/0 0/0 SI2
i0 N6 FT 0/0 0/0 S12
0 N6 FT 0/0 0/0 SI2
-i0 N6 FT 0/0 0/0 S12
-20 N6 FT 0/0 0/0 SI2
-40 N6 FT 0/0 0/0 SI2
-60 N6 FT 0/0 0/0 S12
-20 N6 FT 0/0 0/0 S12
-20 N6 FT 0/0 0/0 S12
-20 N6 FT 0/0 0/0 S12
-20 N6 FT 0/0 0/0 S12
-20 N6 FT 0/0 0/0 S12
-20 N6 FT 0/0 0/0 S12
-20 N6 FT 0/0 0/0 SI2
-20 N6 FT 0/0 0/0 SI2
-20 N6 FT 0/0 0/0 SI2
-20 N6 FT 0/0 0/0 SI2
-20 N6 FT 0/0 0/0 SI2
20 N6 FT 0/0 I0/i0 SI2
i0 N6 FT 0/0 I0/i0 SI2
0 N6 FT 0/0 I0/I0 S12
-i0 N6 FT 0/0 i0/i0 S12
-20 N6 FT 0/0 i0/i0 S12
-40 N6 FT 0/0 i0/i0 SI2






















































































































































































































60 20 N6 FT 0/0
60 i0 N6 FT 0/0
60 0 N6 FT 0/0
60 -i0 N6 FT 0/0
60 -20 N6 FT 0/0
60 -40 N6 FT 0/0
60 -60 N6 FT 0/0
60 20 N6 FT 0/0
60 0 N6 FT 0/0
60 -20 N6 FT 0/0
60 -20 N6 FT 0/0
60 -20 N6 FT 0/0
60 -20 N6 FT 0/0
20 -20 N6 FT 0/0
25 -20 N6 FT 0/0
30 -20 N6 FT 0/0
30 -20 N6 FT 0/0
25 -20 N6 FT 0/0
25 -20 N6 FT 0/0
25 -40 N6 FT 0/0
25 -60 N6 FT 0/0
25 -60 N6 FT 0/0
25 -20 N6 FT 0/0
25 -20 N6 FT 0/0
25 -20 N6 FT 0/0
25 -20 N6 FT 0/0
25 -20 N6 FT 0/0
25 -20 N6 FT 0/0
25 -20 N6 FT 0/0
25 -20 N6 FT 0/0
25 -20 N6 FT 0/0
25 -20 N6 FT 0/0
25 -20 N6 FT 0/0
25 -20 N6 FT 0/0
25 -20 N6 FT 0/0
25 -20 N6 FT 0/0
25 20 N6 FT 0/0
25 0 N6 FT 0/0
25 -40 N6 FT 0/0
25 20 N6 FT 40/32
25 i0 N6 FT 40/32
25 0 N6 FT 40/32
25 -i0 N6 FT 40/32
25 -20 N6 FT 40/32
25 -20 N6 FT 40/32
25 -20 N6 FT 40/32
25 -20 N6 FT 40/32
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